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In the last twenty years man has made more advance-
ments in the development of material goods than in any 
other like period of time. And there are no indications 
that man's rate of advancement will decline in the next 
twenty yearso 
All of this advancement has drawn continually upon 
the presumption that when a design is completed there will 
be power available to produce it, to operate it, or to 
propel ito 
The production of power, be it steam-driven electric 
alternators, reciprocating engines, or gas turbines, has 
had to grow at a phenomenal rate in order to remain ahead 
of demands. In each of these types of power production, 
heat transfer is present. In many fields it is necessary 
that the heat transfer apparatus be relatively small. In 
aircraft both size and weight limit the heat exchanger de-
sign. .Automotive ga.s turbines are dependent upon some 
form of a regenerator for economical operation and the 
available space is generally small. Particularly is this 
problem amplified when the heat transfer is from a gas to 
a gas since the film coefficient for a gas is comparative-
ly small. Therefore, the heat exchangers must usually be 
more efficient than the normal straight-tube type of unito 
1 
As a result, designers have been required to use ex-
tended surfaces in order to obtain the necessary heat 
transfer area in a more compact unit. But design data 
2 
for extended surfaces is very limited and test procedures 
are even fewer in number. It is the purpose of this the-
sis to outline a test procedure and a test apparatus with 
possible variations and to present the results of one stwh 
test. 
CHAPTER II 
DISCUSSION OF PREVIOUS INVESTIGATORS 
Three general classes of extended surfaces have been 
investigated to some degree; straight fins, spines, and 
annular fins. This discussion will concern only annular 
finned surfaces • 
. In 1922, D.R. Harper and Wo B. Brown1 submitted a 
report to the National Advisory Committee for Aeronautics 
concerning mathematical equations for ·the conduct ion of 
heat in the fins of air-cooled engines. The mathematical 
expressions were quite involved, including Fourier's Se ... 
ries, Bessel functions, etc. The results of the work were 
collected in graphical form in a series of charts which 
were corrections to a simple formula first developed. 
E.W. Still2 wrote in 1936 that much of the informa-
tion on film heat flow for turbulent conditions of gases 
across pipes could be expressed by one equation: • 
hD/k = a(DG/µ)n(c p/k)X(L/D)nl O ••• (1) p 
ln. R. Harper and W. B. Brown, .,Mathematical Equations 
for Heat Conduction in the Fins of Air-Cooled Engines," 
Na.tl,onal Advisory Committee for Aeronautics, Technical Re-
port No. 158, (1922), pp. t>79-708. 
2E .. W. Still, "Some Factors Affecting the Design of 
Heat Transfer Apparatus," In~j; itut ion of Mechanical Engi-
neers, CXXXIV (1936), pp .. 3b°.3-411. 
3 
4 
However, he qualified this by saying that for finned tubes 
the equation 11 would have to be modified so ·that (a.) the air 
flow is considered at its maximum velocity; (b) for the 
effective rate, use may be made of the projected area where 
cylinders are set at an angle to the air stream: . . . 113 
He assigned n the value of" o.6 ·.and ·used the maximum air · 
V$l.Qci·ty. 
Another investigator, W"illiahl M. Murray, 4 derived a 
mathematical equation for the heat flow through the fins 
on a tube ·which considers the size of the fin. The ex-
press ion, 
bein.g a rather complicated one involving Bessel functions 
of the second kind, is somewhat tedious and lengthy to 
solve. :rherefore, he arrived at a quantity called nr in 
effect i vene ss 11 5 whereby the soln.t ion of practical problems 
is greatly simplified. 
3n1a., p. 369. 
4william M. Murray, "Heat Dissipation Through an An~· 
nular Disk or Ftn of Uniform 'rhickness, 11 •rransactj.pns ... of 
the .. A~can0~oc iet.v: o:( l{I_~hanical En_gj,.JlELers, LX, ( 1931r), 
pp • .A-7o--A-o0o 
5"Fin effectiveness" is the ratio of the heat trans-
ferred through the base of a fin to that which would be 
tra.nsferred through the same base area were the fin not 
there as distingui:hed from "fin efficiency" which is the 
ratio of the average temperature difference over the ex-
tended surface to that over the basic surface. 
5 
Fin Effeetiveness1( =VfEk~/ '1.l(mR)KJ(mrg) -K1(~)I1(mro)l (3) 
\'. J1 U:1(mR)Ko(mro) +K1(m.R)Io(mroU 
The bracketed portion of Eq. (3) is represented by~ and 
- ........ 0 0 
~ F-t a - ........ r-1 0 
H H - -~ ~ - .......... r-1 r-1 
~ ~ --0 0 
~ ; .......... 
r-1 0 






Fig~re II-1. Fin Effectiveness Functions 
presented in graphical form. This chart is reproduced in 
Figure II-1 and a calculation based on this method will 
be made later (page 9). 
6 
Karl A. Gardner6 gives an expression for the fin ef-
ficiency which also involves the use of Bessel functions; 
with n = O for annular fins of constant thickness. 
is given to simplify the solution of the equation. 
fin effectiveness Gardner uses the equation 
• • • (4) 
For the 
1/ = (9.f.\ = M. r6 • • • • • • < 5) 
~b)Tb • constant 8 b 
However, he feels that fin effectiveness is a misleading 
indication of the value of extended surface because "the 
addition of extended surface to a metal wall changes the 
base temperature to an extent depending on the heat-
transfer coeffic:Lents on both sides of the wa11.u7 
A series of tests were conducted by·Katz, Beatty, 
and Foust8 on tubes with integral spiral fins. One group 
of tests were made on single horizontal tubes with air in 
6Karl .A. Gardner, ''Efficiency of Extended Surf'a.ce, 0 
Transactions of the American Societ.?:...Q.f_Mechan!cal Eng!-
ri'eers, LXVIII, (i945r, pp. 621-628." . . -
7 Ibid .. , p • 6 23 • 
Bn. L. Katz, K. o. Beatty, and .A. S. Foust, trHeat 
Transfer Through Tubes with Integral Spiral Fins, 11 Trans-
actions of the Amer·can Societ of Meehan cal En ·nears, 
LXVIII, (19 ), pp. 5- 7. 
forced convection on the outside and condensing steam on 
the inside. The overall coefficient of heat transfer was 
calculated on the basis of the total outside area and the 
data plotted. An equation was found from the curve drawn 
through the average of the plotted data, 
U0 = 0.236 Vmax0.53 • . . . . • .. ( 6) 
7 
However, no accurate method of measuring the mass flow of 
air was used and it is felt that using this equation would 
yield only a rough estimate of ·the true coefficient. 
CHAPTER III 
DISCUSSION OF THE THESIS PROBLEM 
The basic equation for the flow of heat by conduction 
and convection from one fluid to another through a tube 
wall is given by the well-known equation 
where 
U0 - 1 ...... (8) 
i. + -1."'L + _l_ -
hi k h0 
Since it is a relatively simple matter to calculate 
the inside film coefficient for various fluids flowing in-
side a straight tube and t;he thermal conductivity of tube 
metals is known accurately, it was the feeling of the au-
thor tha.t a more useful outstde film coefficient for 
finned tubes would result from lJasing it on the tempera-
ture of the outside surface of the tube. This would par-
t icula.rly be useful when ·the inside fluj.d is a liquid and 
the outside fluj_d is a gas because then the thermal re-
sistance of the gas film is by fa.r the greatest of the 
three a.nd, therefore, the determtning factor affecting 
the flow of heat. 
The primary interest in this paper, then, is the 
determinat5.on of the outside film coeffictent. Por the 
8 
9 
outside film one may write 
. . . . . • • ( 9) 
If the amount of heat flow, q, is known or can be deter-
mined and the difference in temperature between the surface 
of the tube, T2, and the flowing fluid, T1, can be measured 
accurately, then the only unknown in the equation is the 
film coefficient, h0 , since the outside area, A0 , can be 
readily measured or calculated. 
Marks' Handbookl gives for gas flow normal to a sin-
gle smooth tube and the Reynolds Number greater than 1000 
where hm = mean film coefficient, BTU per hr.-sq. ft.-°F. 
Cp - specific heat at constant pressure, 
BTU per lb.-OF. 
G - mass velocity, lb. per hr.-sq. ft. 
D1 0 = outside diameter of tube, inches. 
Using this equation for a mass velocity of 1350 lb. per 
hr.-sq. ft. (approximately the lowest flow tested) a val-
ue of hm = 6.38 BTU per hr.-sq. ft.-°F is obtained. The 
Handbook states that this is an approximation. 
To predict how much the transfer of heat will be in-
creased by the addition of fins to the tube the author 
1Lionel S. Marks, Mechanic2 1 Engineers' ·Handbook, 
(New York, 1941), p. 398. 
chose to use the method described by Murray.2 The tube 
tested was a 518 in. O.D. cupro-nickel tube having nine 
spirally wound fins per inch approximately 0.013 in. in 
thickness with an outside diameter of 1 3/8 in. Then 
E: 6.38 BTU per hr.-sq. ft.-°F 
k = 15 BTU per hr.-sq. rt.-oF per ft.3 
r 0 = 0.3125 in. (t tube diameter) 
R - 0.6875 in. (t fin outside diameter) 
y - 0.0065 in. (t thickness of fin) 
__J_ = 6-t.3.§_~ = 0.0355 in.-1 
k I,i 12 in. 
m = V kEy - ~ g:g5g~ = 2.34 in. -1 
mr0 = 0.73 mR = 1.605 
From Figure II-1, p. ,, and using these values for (mr0 ) 
and (mR) 
~ = 1.02 
and the fin effectiveness will be 
10 
That is, the effect of the fin is to increase the heat 
transfer through that area upon which it stands 67.3 times. 
2William M. Murray, p. A-80. 
311onel s. Marks, p. 392. 
11 
There are nine fins per inch or 108 fins per foot of 
tube. The fins cover 0.013 inches per fin or 1.404 inches 
per foot of tube. Therefore, the total heat transfer per 
foot of length will be increased 
11.~0)_1- X 67 .31 t 1,0. 596 8 5 C 12 j 12 = .7 times 
and the film coefficient would then become 
8.75 x 6.38 - 55.8 BTU per hr.-sq. ft~' - OF 
Murray points out here that there are two possible 
reasons for this value of the coefficient not being real-
ized in practice. First, the addition of fins might se-
riously change the temperature distribution around the 
tube which is quite likely if the tempera.tu.re difference 
is very great. Second, the fin spacing may affect the 
fluid flow around the tube and ·!;hereby lowering the film 
coefficient. 11 For tubes in slowly moving air, investi~" 
gations carried on in Germany lead one to believe that 
the addition of the fins has very little influence on the 
temperature distribution but that the fin spacing is of 
great importance."4 Exactly what is meant by ''slowly 
moving airu is not explained but it is lH:ely that a.s the 
air velocity is increased the effect of fin spacing would 
)_!-
William M. Murray, p. A-80. 
12 
become less because the thickness of the boundary layer 
would decrease allowing less interference of the air flow-
ing over adjacent fins. The comparison between theory and 
experimental data is in fair agreement until the distance 
between the fins is about one third the diameter of the 
tube where the difference between measured and computed 
heat transfer is about 12 per cent. The finned tube tested 
had a fin spacing of slightly less than one sixth the di-
ameter of the tube. Therefore, it was expected that the 
measured film coefficient would depart from the calculated 
value by a considerable amount. 
CH.APTER IV 
DESCRIPTION OF TEST .APPARATUS .AND EQUIPMENT 
The various parts of the test apparatus are shown di-
agramat ically in Figures .IV~+,: :rv;:.:2 arid :IV:-3. 
The air duct consists of two principal sections - one 
of rectangular cross section measuring 5 in. x 14 in. which 
includes the test section and the other a circular pipe 6 
in. nominal diameter which includes_ the air metering ori-
fice • 
.Air is forced through the duct by a centrifugal fan. 
The rating of the fan is unknown, but the desired rate of 
flow is obtained by changing the pulley arrangement which 
increased the speed of the fan from 750 rpm to 1100 rpmo 
The fan is powered by a Lincoln Line-Weld induction motor 
rated at 2 H.P. at 3460 rpm • 
.Air enters the duct through a converging transition 
section. Following the entrance, the air passes through 
a straightening section formed by filling the section with 
1 in. tubes. Small sheet metal trim tabs are attached to 
the ends of some of the tubes to allow for adjustment of 
the flow to obtain an essentially uniform velocity distri-
bution across the test section. 
Next, the air passes into a turbulence section. Eight 
inches from the end of this section are located seven holes 
13 
for checking the velocity distribution. These holes are 
spaced 2 in. on c~nters an~ 1 in. fro~ each edge in a 
straight line across the duct. The velocity check was 











to 6in. Pipe 
Figure Iv;.:1.: Plan :of Test Dt1ct 
14 
After the test section the air passes through a tran-
sition piece from a rectangular cross section to a 6 ino 
diameter pipe. In this pipe is located the metering ori-
fice ~1th flange taps. The orifice was made and installed 
in accordance with the specifications of The Orifice~ Mete.£01 
Inclined water manometers are used to measure the static 
and differential pressures at the orifice. Following the 
metering section is a butterfly valve used to vary the flow 
rate. 
lThe Orif~ce Meter, (Pittsburg, Pennsylvania, 1946). 
· 15 
-Th~ tube te~t~a was a 5/81n. O.D~, 1/2 in~ IoD~, 
cupro-nickel tube with 9 helically-wound fins per in. The 
fins are 3/8 in. high and approximately 0.013 in .. thick. 
The tube was manufactured by and supplied through the cour-
tesy of the Condenser Service and Engineering Company. 
IO q 8 6 3 2 
75 
~ 4 I 
!1111·111·1 lll·ltl 11·11 rn 
L, _J 
I I 
Duct, Mounts & 
Insulation 
5 on back, 7 on front. 
Longitudinal spacing: 
1-2, 2-3, 3-6, 6-8, 
8-9, 9-10: 2-5/16 ino 
4-5, 5-6, 6-7: 3/8 in. 
Figure IV-2. Thermocouple Locations 
The tube is mounted straight across the width of the 
test section. Referring to Figure Iv..;a,: 10·,thermo.couples ... , 
are placed along the surface of the tube. Seven of these 
are located on the top of the tube. The other 3 are placed 
1 each on the front, back, and bottom of the tube. It is 
intended for this to provide a means of obtaining an ac-
curate average tube-surface temperature. The exposed ends 
of the tube are covered with 5 in. squares of 2 in. thick 
glass wool insulation. 
The thermocouples are single junction type made from 
Leeds and Northrup, No. 30 B. ands. gage, iron-constantan 
16 
wire. The junctions are made by an electrowelding process 
under oil which forms a clean, unoxidized baa.a approximate-
ly 1/32 in. in diameter. The thermocouples are attached to 
the tube by making a slight saw-cut on the tu.be surface and 
placing the junction bead down in the cut. The junction is 
then covered with an iron compound cement. The wire is 
wrapped around the tube about a turn .in order to _prevent a 
temperature gradient away from the junction. 
The cold junction temperature is maintained at 32°F 
by submerging it in an ice and water filled thermos bottle 
along with a calibrated standard thermometer. 
A schematic diagram of the electric heater circuit 
and the thermocoti.ple circuit is shown in Figure IV-3a 11.11 
thermocouple leads are brought into an insulated selector 
switch box and are connected from there by copper leads to 
the potentiometer. The potentiometer is a Rubicon, Type 
B, Serial Number 77183, with a range of 16 millivolts. 
The smallest division is 5 microvolts and readings may be 
estimated to + 1 microvolt (0.0285°F). The standard cell 
used to balance the circuit is an Epply Standard Cell, 
Serial Number 563748, and the galvanometer is a Leeds and 
Northru.p, Serial Number 1108927, with a sensitivity of 
Oe45 microvolts per millimeter. 
The heater in the tube is a Chromalox TI 2045, 635 
watt, 120 volt, element 13l in. long. .A Vari trans Moel el 
V-1 transformer is used to hold the line voltage constant 
at 110 V. A General Electric Portable Induction Test 
Meter, Type IB-6, Number 9290225, is u~ed to measure the 





















The transformer and portable test meter were placed 
in the heater circuit and the potentiometer circuit was 
completed as shown in Figure IV-3. 'r11e thermocouple cold 
junction was checked to insure that the temperature of 
the ice point wa .. s 320F. The centrifugal fan was then 
turned on and the butterfly valve adjusted to obtain the 
desired flow. The accuracy of the watt-hour test meter 
was assured only if the input voltage did not vary from 
110 volts by more than+ 5 volts. Therefore, the trans-
former was adjusted to 110 volts in all testso A check 
was made on two or three tb.ermocouples until equilibrium 
conditions were reached. The test ,i!7as then begun. ~:he 
duration of each test was arbitrarily set at 20 minuteso 
Readings of the manometers were taken at o, 10, and 20 
minutes. Sj_nce it was impossible to rea.d all thermo-
couples at the same time, the readings were taken in 
numbered order as quickly as possible a.t o, 10, and 20 
minutes. The watt-hour meter was read at the start and 
at the end of 20 minutes as timed by a stop watcho The 
range of the test meter and the multiplying constant for 
that range were recorded. The wet and dry bulb tempera-
tures were taken from thermometers located near the inlet 
18 
to the -fan and at the same elevation. 
In all, 1 test was made at each of 7 rates of test 
section face velocity which were approximately 100 feet 




SAMPLE CALCULATIONS .A.ND HESULTS 
All calculations are made using data from Test 1, 
Table 1. 
Face Velocity 
All orifice coefficients and factors are taken from 
The_Orifice_Meter.l 
D1 = 6 in._ Line size= 6 .. 065 in. actual I.D. 
D2 = 4 in._ Orifice size 
Meter equipped with flange taps using upstream 
static pressure connection. 
Tr= 90°F approximately 
Pr= o.645 ft.c:GJ6 + 1L1-.7 = 3.46 in. water+ 14.7 = 
111-. 825 psia .• 
Pb= 14.825 psi,a 
Tb= 85°F (Ambient air temperature) 
hw = 0.14 ft. at ..:::::::::13 = o.407 in .. water 
12 
D2 ,B = - = o.66 
D1 
Qh = c'~ 
C' = Fb x Fr x Y1 x Fpb x Ftb x Ftf x Fg x Fpv 
Fb = 3711.4 
20 
21 
For~= J6.03 - __ 2.46 
Fr= 1.0217 (extrapolated) 
For hw - 0.4oz - 0 0275 
Pf - 11+.825 - • 
Y1 = O. 9998 
Fpb == 0.972 
Ftb = 1. 0481 
Ftf = 0.9723 
Fg = 1 
Fpv = 1 
C' = 3711.4 X 1.0217 X 0.9998 X 0.972::x:,.1."0481: X 
0.9723 X 1 X 1 
C' = 3755 
Q}i = 3755 x 2.46 = 9240 cu. ft •. ·pe:r hr. 
F V l t V t240 317 5 ft ., · . · ace e oci y, =ox i&4 = . .. per,mln. 
Heat Transfer Area 
The total air-side heat transfer area is the fin area 
(including the fin edge) plus the area of the tube minus 
the area of the fin base 
At =TI(O.D.)L = TT(0,62.l). x 14 _ 0.191 sq. ft. 
12 12 - . 
Af = rr(R2-ro2)(1+ 1 1'1 )(no. of fins) cos 
However, the correction for the fins being helically 
wound is so small (0.07 per cent) that it can be neglected. 
The fin area then becomes 
Ar= 0i¢fi54 ~1.375) 2 - (0.62~ (14 x 9) == 1 .. 031 sq. ft. 
22 
Afb = TT(O.D. )L(no. of fins) = 11-~,.0w.ill x ~_QJ,J x 
, 12 12 
(14x9) = 0.0224 sq. ft. 
Are= IL l\f'b = o.68.J...5'. x 0.0224 = 0.0492 
· ro 0.3125' 
The total air-side area is 
At= 0.191 + 1.031 + 0.0492 - 0.0224 = 1.2488 s~. fto 
Average Flowing Air Temperature Across Tube 
The maximu.m temperature r5.se will be approximately 
4-50F at the lowest flow rate. It is therefore felt that 
a s11fficiently accurate ave.rage temperature would be ob= 
tained by adding 2°F to the dry bulb temperature. 
Average '.I1ube-Sur:face Temperature 
It is assumed that any variation of the temperature 
around the circumference will be a linear variation and 
' ~ 6 that the temperatures indicated by thermocouples q, ,, , 
and 7 are typical of the variation at a.ny po int along the 
tube. 
An average of the readings from thermocouples 4, 5, 
6, and 7 is found. 
1 .. !.:.;15~---:L.2..~..95-2-r~-?-±.....7~_9.2.31 = 7. 3 848 mv. average 
'.11h~ s 1° s a .L!..2~6l~ --_2. . • 3848 2 63°~1 d from the .,. . 7.58bLt: = ~ /o ecrea se 
emf indicated by thermocouple 6 located on top of the tubeo 
Since this variation is typical, the readings taken from 
thermocouples 1, 2, 3, 6, 8, 9 and 10 are reduced by this 
per cent. An average of these 7 adjusted readings is 
found 
5.8371 mv. 
Finding the temperature correspond in.g to 5. 83 71 mv. 
in the Leeds and Northrup Temperature - emf tables for 
iron-constantan thermocouples yields an average tube~ 
surface temperature of 
5.8371 mv. = 230.250F = T2 
Hea.t Flow 
Number of meter revolutions= 48.7 
Multiplying constant for range used= 3 
Time= 20 min. = 1/3 hr. 
q = Li-8. 7 x 3 = 146 watt-hours, pe.:r 1/3 hr·. 
q ::;: 1L1-6 x 3.415 x 3 = 1496 B'rU per hr. 
The heat loss through the insulated ends of t;he tube 
and wooden mounting blocks is estimated to be less than 
3 BTU/hr. if the average te.mperature difference between 
the ambient air and the surface of the wood and exposed 
tube is chosen as 75°F. At the extreme this is less than 
0.25 per cent and can safely be neglected. 
Film Coefficient 
ho '""' A~T'.i:2 ~ - T-j} 
ho = T:-21+88 (~~5~25 
23 
ho= 8.47 BTU per hr. - sq. ft. - oF. 
The results of all 7 tests are tabulated in Table 2 
and graphically in Figure VI-1. The.tpst data is tabu-
lated in Table 1. 
25 
Table 1. Test data 
Test 1 •:rest 2 
Date: ' ' J/22/55 4/22/55 
Length of Test 20 min 20 min 
Dry Bulb Temp. 85°P 8 5°F 
Wet Bulb '.remp. 620}i' 72°J:i' 
Angle of Static ~ .. 6 ~6 Manometer 12 12 
Static Pressure 0.645 ft. o.645 rt. 
Angle of Differen- ~3 ~3 tial manometer I '2. I 2. 
Differential Pres. 0.1~: ft. 0.230 ft. 
Meter Range 50 50 
Constant 3 3 
Revolutions 48.7 55.1 
Temperature Measurements 
Thermo- start 10 min 20 min start 10. nd .. n 20 min 
couple mv. mv. mv. rnv. :,,:mv. ,IDVo 
1 3 .6 56 5 3.6383 ".) 62'72 _) • . I 3.6897 3.7120 3. 7ol+1 
2 5.9866 5.9726 5.9558 5.9314 5. 9869 5. 974L1. 
3 6.9110 6.8727 6.8868 6. 8503 6.9187 6. 909L1-
Li- 7 .2968 7.2574 7. 2730 7.2739 7.3245 7 .3256 
,-, 
} 6.7508 6 .686 5 6.6791 6. 5972 6.6270 6.6632 
6 7.6320 7. 5600 7. 5618 7 .6063 7. 6 552 7 79 '71 0 '-· ( 
7 8.0195' 7.9512 7.9505 8.0025 8.0075 8.1221 
8 7.1187 7. 0568 '7. 0486 7.0158 7. 011~- 701137 
- 9 6. 9668 6.9037 6. 89L1-2 6.8630 6. 8776 6 0 9752 -
10 3.9084 3.8948 3.8291 3 0 8602 3 .8752 3 .. 90J2 
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Test~ Test 4 
Date Lr/23/55 Lt-/23/55 
Length of Test 20 min 20 min 
Dry Bulb Temp. 83°F 850F 
Wet Bulb Temp. 61 °F 6l+0l? 
Angle of Sta.tic ~6 ~'° l\fanometer I 2. I 2. 
Static Pressure 0 .6 5 ft. 0.63 ft. 
Angle of Di:fferen- ~3 ~3 tia.l l'i!Tanometer 12. J 2. 
Differential Pres 0.375 ft. o. 525 ft. 
Meter Range 50 50 
Consta.nt 3 3 
Revolutions 48.4 47.1 
Temperature asuremen.ts 
Thermo- start 10 min 20 min start 10 min 20 min 
couple mv. mv. mv. mv. 111V. mv. 
1 3.11+33 3 .1252 3.1552 3. 0958 3 .117L1- 301228 
2 4. 90H3 4.8634 Li,. 9168 4. 5387 4. 5897 4. 5890 
3 5 .6740 5 .6 586 5. 70L1-6 5. 26 58 5.3263 5.3351 
Li- 5. 96 50 5. 9570 6.0170 5 .. 5243 5.5827 5. 5794 
5 5.3822 5 .3586 5.4226 L1 .• 94 57 1+. 9991 4.9888 
6 6. 264Lt- 6. 252L1- 6.3177 5.8134 5.8967 5.8839 
7 6 .616 5 6.6227 6. 6L1-73 6 .1532 6.1800 6 .2260 
8 5.6913 5.7018 5.7113 5. 2614 5.2218 5.2992 
9 5.5743 5.5888 5.5902 5 .1686 5 .16 51 5.2307 
10 3.2280 3.2081 3.2132 3 .1069 3.1029 3. 12L1-3 
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Ta.st C5 TA~t: 6 
Date 4/23/55 lt/23/55 
Length of Test 20 min 20 min 
Dry Bulb Temp. 85°F 87PF 
Wet Bulb Temp. 640F 659F 
.Angle of Static ~6 ~6 Manometer 12 I 2. 
S:tatic Pressure 0.61 ft. 0.605 ft. 
.Angle of Differen- ~3 ~3 tial Manometer ,e I 2. 
Differential Pres. 0.73 ft. 0.935 ft. 
Meter Range 50 50 
Constant 3 3 
Revolutions 46.9 45.3 
Temperature Measurements 
Thermo- start 10 min 20 min start 10 min 2'0 min 
couple mv. mv. mv. mv. mv. my~.--· 
1 3.0050 3.0004 3.0024 2.8886 2.9082 2.9127 
2 4 .3068 4.3079 ~- .3054 4.0363 4 .0567 4.0355 
3 4. 9947 4.9982 4.9970 4 •. 6678 .. 4{199;56 4.6731 
4 5 .2452 5.2426 5 .2362 ~-. 8989 4.9155 4.8888 
5 4 .66 53 4.6630 4 .6608 4.3466 4 .3698 4 .3523 
6 5.5170 5.5157 5.5183 5.1716 5.1830 5.1579 
7 5. 8504 5 .8455 5.8364 5.4686 5 .4976 5.4689 
8 4 .9376 4.9390 4. 9359 4.6015 4.6252 4 .6128 
9 4.8371 4.8406 4.8286 4. 5175 4. 5484 4 0 5290 




Test 7 · 
4/23/55 
Length of Test 20 min 
Dry Bulb Temp. 88°F 
Wet Bulb Temp. 66°F 
Angle of Static ~6 Manomete:i:- l 2. 
Static Pressure Oo 585 ft. 
Angle of Differen- ~3 tial Manometer It 
Differential Pres. 10220 ft. 
Meter Range 50 
Constant 3 
Revolutions 45.3 
Temperature I-ilea surement s 
f: 
Thermo- st a.rt 10 min 20 min 
couple mv. mvo mv. 
1 2.8300 208260 2·08325 
2 3. 8317 3.8308 3.8292 .. 
3 1+ olr 364 4 .l~4l+l 4.4202 
4 4.6397 406512 4 0 5312 
·-
5 li- .1151 4.1233 lre0917 
' 
6 4.8878 4.9051 4.8641 
7 5.1806 5.2015 501535 
8 4.3387 l+o3570 4 0 3196 
-··· 
9 4.2722 4.3038 4.2515 
10 207747 2.7900 2. 7612 
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Table 2. Test Results 
Test l Test 2 Test 3 Test 4 Test 5 Test 6 rres·b 7 
v., Face Velocity, 
feet/min. 317.5 403 513 604 710 835 922 
Ao, Total Air· side 1. 2488 1.2488 1.2488 1.2488 1.2488 1. 2Lf88 1.2488 area., sq. ft. 
T1, Average Air 87 87 85 87 87 89 90 Temp. OF 
Average indi- 5.8371 5.6792 4.7689 4.6243 4.2162 3.5989 3.6332 cated emf, :rmr. 
T2, Average tube-
surface temp.°F 230.25 225 195 190.3 176.3 167. 7 156.4 
q, Heat transferred 1496 1693 1487 1448 1442 1390 1390 BTU/hr. 
ho, outside film 
8.47 9. 8Li coefficient., 
BTU/hr.-sq.ft.-OF 
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V - Face Velocity - ft . /min. 
Fi gure VI -1 Graphical Plot of Test Results 
CHAPTER VII 
IN'rERPBETATION OF RESULTS 
The results of this series of tests were largely as 
expected. There were no major deviations from the general 
pattern of plotted results. 
The value of the film coefficient rose steadily with 
increasing face velocities. It should be observed, however, 
that the measured film coefficient differed markedly from 
that calculated using Murray's methoa. 1 This was as ex-
pected for three reasons: (1) the fin spacing was much 
less than 1/3 of the outside tube diameter at which point 
Murray states that the error is abont 12 per cent; (2) 
the measured temperature was the tube-surfa.ce temperature 
between the fins and it is highly probable that the tem-
perature at. the base of the fin was lower than the temper-
ature between the fins, possibly quite a bit lower; and 
(3) the fin arrangement used in Murray's derivations was 
for annular fins while those on the tube tested were he-
lically wound which probably interfered somewhat with the 
air flow around the tube. All three of these would tend 
to reduce the film coefficient with the third probably 
having the least effect. 
1 
See page 11 .. 
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? 
An examination of the test data indicates that the 
temperature varied considerably along the length of the 
tube. The two extreme low temperatures at the ends of 
the tube were low because the heater was only 13i in. 
long, therefore, leaving ·l in. unheated tube at each end. 
The heat flow from the inside of the tube then would have 
a tendency to flow from the center of the tube toward the 
ends which would result in the higher temperatures being 
at the middle of the tube. 
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Again referring to the data, it can be seen that the 
temperatures varied quite a bit during the tests. Some 
varied around an average while some either constantly in-
creased or decreased. It is believed that this was caused 
by the varying velocity distribution across the duct. The 
velocity distribution was checked with an Anemotherm pre-
vious to the tests. Although the velocity at each point 
was varying constantly, the distribution across the duct 
was fairly even, the maximum variance being about 30 fpm 
at the lowest flOWo 
It is felt that the method used for obtaining the av-
erage tube-surface temperature was as accurate as possible 
under the circumstances. The resistance to heat flow of 
the tube wall is a very small part of the total resistance. 
Therefore, even if the thermocouples were not located at 
the exact surface of the tube the erJ•or in the indicated 
temperature would be so small as to be negligibleo The 
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error was estimated to be± 5 per cent due to the probabil-
ity that the temperature varia.tion around the tube and 
along the tube was not linear as was assumed in the calcu-
lations. The accuracy of the potentiometer was guaranteed 
±0.015 per cent for the range used which was negligible 
in the range of error being considered here • 
.Any error involved in the measurement of the energy 
input to the tube was due to heat flow through the insu-
lated ends of the tube and any inaccuracy of the test 
meter. The energy loss through the insulation was esti-
mated at less than Oo2 per cent which was considered a 
very liberal allowance. No calibration data was avail-
able for test meter, but since it was the standard test 
meter for the City of Stillwater the maximum error was 
assumed to be ± 0. 5 per cent. The total possible error 
in the meast1rement of heat flow was then±Oo7 per cento 
The accuracy of the flow measurement was dependent 
upon the temperature of the flowing air which was esti-
mated. However, an error as large as 30F in this esti-
mate would produce an error in the flow measurement of 
only Oo27 per cent. The orifice plate was made and in-· 
stalled in accordance with established rules. To be on 
the safe side, the total error in the flow measurement 
was chosen to be +1.0 per cent. 
The estimated accuracy of the tests would be; 
h 0 , outside film coefficient 
''.remperatu.re measurement 
Heat flow measurement 
'.I.1otal 
V, average face velocity 
=± 5.0 
= ± 0~2 
:: ± 5. 7 per cent 
;:: +1.0 per cent 
This agreed very closely with the curve drawn through the 
plotted data in Figure VII-1. 
CHAPTER VIII 
SUMJ1,IA.HY AND CONCLUSIONS 
The desirability of accurate design data on the per-
formance of fim1ed tubes has become increasingly important. 
The ·dependability of this heat transfer data is dependent 
upon the test method usedo The cost of the data is depen-
dent upon the simplicity of the test apparatus and tisst 
procedure. 
These factors were kept in mind during t;he establish-
ment of the test method outlined 5.n this thes5.s. The 
method is adaptable to air flows above and below the range 
used in these tests. The apparatus is easily fabricated 
and the accessory equipment is usually a.vailable to insti-
tutional and industrial laboratorieso The test procedure 
was very simple and the calculations were as direct as it 
is possi.ble to make them. 
However, several modifications should be suggested. 
It would be desirable to have an induced draft air system 
to reduce the difficulty in obtaining a uniform velocity 
distribution and a more const;ant velocity at each point 
of the test section. Thi.s would require a fan of higher 
rating than the one used o .A centrifn.gal blower would be 
best since they are designed to operate against a higher 
static pressure. 
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The method of heating the tube is limited as the elec-
trical load could become excessive if the tests were con-
ducted on a bank of tubes. Condensing steam, if available, 
provides an adequate source of heat although its use would 
complicate the test procedure and ca.lculationso Instrumen= 
tation would be more elaborate and costly. 
Again, if a bank of tubes was to be tested, the tem-
perature rise of the air would become significant and a 
means of mixing the air after the test section and measur-
ing its temperature would be ne.cessary. This would also 
offer a means of obtaining an energy balance which was not 
available to the test method described. 
The test method outlined in this thesis was simple, 
direct, and inexpensive. The results obtained are believed 
to have been of sufficient accuracy to make this method 
practical and reliable. 
A SELECTED BIBLIOGRAPHY 
American Institute of Physics, Temper~ture, Its Measure-
ment j,n S_gj._ence ..... and_J.e.d11str2, New York: Reinhold 
Publishing Corpo, 19~1. 
Baker, Ho Dean, E. A. Ryder, arid N. H. Baker, Temperature 
Measurement in Engineering, New York: John Wiley and 
Sons, 1953. 
Brown, Aubrey Io, and Salvatore M. Marco, Introduction to 
Heat Transfer, New York: McGraw-Hill Book Co., Inc., 
1951. 
Harper, D. R., and W. B. Brown, "Mathematical Equations 
for Heat Conduct.ion in the Fins of Air-Cooled Engines, u 
National Advisory Committee for Aeronautics, Techni-
cal Report No. 158, (1922) pp. ~79~708. 
Kays, W o M., and A. L. London, "Heat Transfer and Flow-
Friction Characteristics of Some Compact Heat Ex= 
changer Surfaces,n Transactions of the Amerip@ 
Society of Mechanical Enginee.1:.§., LXXII (1950), pp. 
1075-1085. 
Marks, Lionel s., Mechanical Engineers' Handbook, New York: 
McGraw-Hill Book Co., Inc., 19t~1. 
McAdams, William H., Heat Transmiss;i.on, New York: McGrawrn 
· Hill Book Co., Inc., 1933. 
Murray, William M., ''Heat Dissipation Through an Annular 
Disk of Uniform Thickness," Transactions of the Am-
erican Society of Mechanical Engineers, LX (1938), 
pp. A-78--A-80. · 
37 
Pittsburgh Equitable M~ter Division, The Orifice M~ter, 
Pittsburgh, Pennsylvania~ Rockwell Manufacturing 
Company, 1946. 
Still, E. Vv., "Some Factors .Affecting the Design. of Heat 
Transfer Apparatus, 11 I11.et i tut ion _ _gJ_ Me~...lfill:: 
gJJ1~, CXXXIV (1936), p~ll. 
38 
VITA 
Lester r,.rhlnroe McCright 
candidate for the ddgree of 
Master of Science 
Thesis: A TEST METHOD FOR DETERMTNING OUTSIDE FILM 
COEFFICIENTS OF FINNED TUBES IN FORCED CON-
VECTION VvTrH AIR 
Major: Mechanical Engineering 
Option: Power 
Biographical and Other Items: 
Born: June 23, 1931, at Tulsa, Oklahoma. 
Undergraduate Study: Oklahoma Agricultural and 
Mechanical College, 1949-19540 
Graduate Study: Oklahoma Agricultural and Me-
chanical College, 1954-1955. 
Experience: Welder I s helper, summer, 1949; · File 
clerk, summer, 1950; Provisions Analyst, 
summer, 1951; Student Instructor, 1953-1954; 
Instructor in Mechanical Engineering, 1954; 
Graduate Assistant, 1954-19550 
Member of Engineer-In-1:rrain:Lng j_n Oklahoma Society of 
Professional Engineers and Junior Member of Amer-
ican Society of MechaniOal Engin~ers~ 
Date of Final Examination: May, 1955. 
39 
THESIS TITLE: A TEST METHOD FOR DETERMINING 
OUTSIDE FILM COEJ?FICIENTS OF 
FINNED TUBES IN FORCED CONVECTION 
'WITH .AIR 
AUTHOH: Lester Munroe l\JlcCright 
THESIS ADVISER: Dr. ,Tames H. Boggs 
~.1he content· and form have been checked and approved 
by the a.nth.or and by the the sis adviser. The Grad= 
uate School Office assumes no responsibLlity for 
errors either in form or content. The copies a.re 
ser:i.t to the bindery jus·t as t;l:J.ey are approved by 
the author and by the faculty adviser. 
TYPIST: Nancy McCright 
4o 
